Background: Pure tone audiometry is routinely used to determine conductive and sensorineural hearing status. Ossicular discontinuity is usually assessed intra-operatively. If ossicular discontinuity can be predicted by pure tone audiometry, perhaps the operative procedure of choice and prognosis for hearing can also be anticipated.
respectively.
In our setting, pure tone audiometry is a routine preoperative procedure for tympanomastoidectomy while computed tomography is expensive and less widely used. Further, ossicular integrity can be assessed by high-resolution tomography, but can only be confirmed intra-operatively [1] [2] [3] [4] [5] . Lacking prior information, patient prognosis and surgical management techniques can only be determined during surgery.
A previous study of the possible predictive value of audiograms on ossicular status showed that the preoperative hearing tests did not correlate with ossicular discontinuity 6 . However, studies of ossicular dysfunction must be frequency-specific since the ossicular chain and tympanic membrane have different efficiencies across frequencies 7, 8 . By far, pure tone audiometry is the only routine test to quantitatively assess the hearing capacity of patients with otitis media undergoing surgery 9 . Should this be able to predict ossicular chain status, the conduct and the prognosis of ear surgery may be determined.
Hypothetical air bone gap distributions can be plotted as shown in figure 1 . A normal air bone gap will lie between -10 to 15 dB. Varying degrees of ossicular chain dysfunction, i.e., ossicular fixation, functional ossicular discontinuity and gross ossicular discontinuity may be represented by varying degrees of conductive hearing loss represented by the air bone gap.
Being able to determine minimum and maximum cut-off levels that may represent absence or presence of particular ossicular defects will allow a routine audiogram to predict specific defects in the hearing mechanism.
Like the electrocardiogram predicting particular heart defects through "lead-specific tracings", a frequency-specific audiogram may perhaps point to particular hearing deficits.
Correlations between pure tone audiometry and ossicular discontinuity can be modified by the type and degree of tympanic perforation, middle ear polyps, degree and bilaterality of hearing loss. Granulation tissue and cholesteatoma may be independent predictors of ossicular discontinuity but may alter results of hearing by direct conduction of sound. Inability to isolate a particular ear for testing may alter the correlative process. Hence, patients with masking dilemma, canal obstruction, head trauma, intracranial complications of otitis media were excluded from the study. The air-bone gap degree and pattern should be able to predict an ossicular chain dysfunction. Such dysfunction can be in the form of ossicular chain fixation or discontinuity. Ossicular discontinuity may be further classified as gross or functional discontinuity. Gross discontinuity is the absence of specific ossicular bones or a disruption in the ossicular joints. Functional discontinuity is the absence of unified ossicular movement on manipulation despite the presence of gross ossicular chain continuity due to fibrosis or granulation tissue. Functional discontinuity and ossicular fixation were not analyzed in this study.
This study aims to determine the ability of pure tone audiometry in predicting ossicular discontinuity in chronic suppurative otitis media.
MATERIALS AND METHODS
Records of 205 patients, 7 to 75 years of age whose first tympanomastoidectomy was performed by a single surgeon (GTA) at the Philippine General Hospital or Manila Doctors Hospital from June 1987 to July 2004 were reviewed. Preoperative audiograms within 12 months of surgery and operative records were analyzed.
Minimum mastoidectomy had to include an atticotomy with visualization of the incudo-stapedial joint. Patients with masking dilemma, obstructed canal lumen less than 3mm, congenital defects or fractures of the temporal bone and ears with otitis media complications were excluded. All patients were evaluated intraoperatively by the same surgeon through direct ossicular chain visualization with an operative microscope, and by palpation of the ossicular chain. Incudostapedial joint continuity and pathology (granulation or fibrosis) over the ossicular chain were visualized. The malleus handle and incudostapedial joint were palpated further to assess chain continuity. Gross ossicular discontinuity was defined as visualization of a disconnected or absent part of the ossicular chain. Other forms of dysfunction (ossicular fixation and functional dysfunction) were not included in this study.
Other findings including the size and location of tympanic perforation, subperiosteal abscess, tympanosclerosis, cholesteatoma and granulation tissue were tabulated.
Frequency-specific air bone gap cut off values were associated with presence or absence of ossicular discontinuity with significance determined using likelihood ratios (LR) and chi square test/Fisher's exact test.
Univariate analysis of independent factors and possible modifiers predicting ossicular discontinuity was performed. The full model variables (ossicular discontinuity (OD) associated with cholesteatoma, granulation tissue, foul smelling discharge, aural polyp, size and type of perforation, subperiosteal abscess, tympanosclerosis, bilaterality and type of hearing loss, and frequency-specific air bone gap levels) were subjected to the stepwise backward method for model estimation (Wald Test) and Likelihood Ratio Tests in order to arrive at a parsimonious 
RESULTS
Of the 162 patients included in the study, 92 (56.8%) had gross ossicular discontinuity, 91 (56.2%) and 85 (52.5%) had cholesteatoma and granulation tissue respectively. Other operative findings are summarized in Table 1 .
Audiometry revealed 112 (69%) had bilateral hearing loss while 115 (71%) had mixed hearing loss. Averages of frequency-specific air bone gaps were narrowest at 2 KHz and widest at 500Hz. (Table 2) Frequency-specific cut-off values were analyzed for the presence or absence of gross ossicular discontinuity. Corresponding p values were taken using either chi square or Fisher's exact test, and respective likelihood ratios for positive or negative results were obtained. Significant likelihood ratios (LR) were defined as small, moderate or large results. (Table 3) For an air bone gap (ABG) <20 dB at 500 Hz the probability of ossicular discontinuity of 56.8% decreased to 36.4%, predicting absence of gross ossicular discontinuity (OD). For an ABG > 50 dB at 500 Hz there were increased chances from 56.8% to 75% of predicting the presence of gross ossicular discontinuity. (Table 4) Air bone gaps >30 dB and > 40 dB generated statistically significant but small effects on the chance of having ossicular chain discontinuity. (Table 5) Air bone gaps > 30 dB or >40 dB at 2 KHz shifted the baseline probability of OD from 56.8% to 75% and 83.34%, respectively. (Table  6) Air bone gaps > 50 dB at 4 KHz increased the chance of OD from 56.8% to 76.2%. Increasing air bone gap cut-off values showed progressive increase in likelihood ratios for a positive test. (Table 7) Combinations of air bone gaps of > 50 dB at 500 Hz, >30 dB at 2 KHz and >50 dB at 4 KHz increased the probability of ossicular discontinuity from a baseline probability of 56.8% to 94.35%.
There was no significant predictive value for air bone gap levels on the status of ossicular chain continuity in the cholesteatoma group. Cholesteatoma was associated with ossicular discontinuity with an odds ratio of 15.75 (p<0.0001). (Table 8) Among subjects without cholesteatoma, significant cut-off values were obtained. Air bone gaps <30 dB at 500 Hz decreased the probability of ossicular discontinuity from 32.97% to 7.67% while air bone gaps > 50dB at 500 Hz increased the probability of ossicular discontinuity from 32.97% to 56%. (Table 10) In the absence of cholesteatoma, ABG < 20 dB at 1 KHz decreased probability of ossicular discontinuity from 32.97% to 14.29%. (Table  10) In the no cholesteatoma group, ABG >20 dB at 2 KHz increased the probability of ossicular discontinuity from 32.97% to 51.4%. (Table 11) In absence of cholesteatoma, ABG > 40 dB at 4 KHz increased the probability of gross ossicular discontinuity from 32.97% to 52%. (Table  12) In the no cholesteatoma group, a combination of air bone gaps of <30 dB at 500 Hz and <20 dB at 1 KHz decreased probability of ossicular discontinuity from 32.97% to 2.54%. Combination of air bone gaps of >50 dB at 500 Hz, >20 dB at 2 KHz and >40 dB at 4 KHz increased probability from 32.97% to 85.9%.
Air bone gap cut off levels were plotted with frequency and probability of ossicular discontinuity. (Figure 2 and Figure 3) . The baseline chance of ossicular discontinuity in general was 57%. In the absence of cholesteatoma, the chance of ossicular discontinuity was 33%.
Multiple logistic regression analysis was done using gross ossicular discontinuity as dependent variable. The most parsimonious model consisted of cholesteatoma, granulation, ABG at 1 KHz and size of perforation as the most important independent variables. The simplest model may be used for predicting ossicular discontinuity and the baseline chance of ossicular chain discontinuity was only applicable in this population. (Table 13) 1 
DISCUSSION
Frequency-specific air-bone gap (ABG) cut-off values can predict ossicular discontinuity in chronic suppurative otitis media. Generally, ABG < 20 dB at 500 Hz predict absence of ossicular discontinuity while ABG > 50 dB at 500 Hz, >30 dB at 2 KHz, and > 50 dB at 4 KHz best predict the presence of ossicular discontinuity in general.
Pre-operative audiograms best detect the absence or presence of ossicular chain discontinuity in the absence of cholesteatoma. 
